Background. Differences in dietary and supplementary intake of antioxidants were determined between different categories of smokers and never-smokers. Methods. Data from a large, cross-sectional, population-based study were used. Subjects (n = 4244) were divided into five smoking categories according to the number of cigarettes smoked per day. Differences in intake of antioxidants or frequency of supplement use were assessed using multiple linear regression analysis and multiple logistic regression analysis, adjusting for potential confounders such as age, body mass index, educational level, alcohol intake, and total energy intake. Results. Men who smoked >20 cigarettes/day had significantly lower intakes of (J-carotene and especially ascorbic acid compared to those who never smoked, resulting from an almost 60% lower fruit Intake. Moderate and heavy smoking women also had lower ascorbic acid and fruit Intake but differences were not as large as In men. A higher percentage of female heavy smokers compared with never-smokers consumed vitamin C (21.1% versus 14.1%), vitamin E (5.6% versus 1.8%), and multivitamin supplements (18.5% versus 12.2%). Among men only the moderate smokers differed significantly from never-smokers in supplement Intake, in the sense that male moderate smokers had a higher percentage of multtvttamin use (15.3% versus 12.2%) compared to never-smokers. Conclusions. Male heavy smokers not only have a lower dietary antioxidant intake than never-smokers, but additionally seem to use supplementation relatively infrequently.
Smoking is known to be a major risk factor for several chronic diseases, including cardiovascular diseases, pulmonary diseases, and cancer. 1 It has been suggested that reactive oxidants present in and released by cigarette smoke 2 react with biological membranes by causing membrane lipid oxidation, eventually leading to cardiovascular disease. 1 Exposure to oxidants may also result in DNA damage which may lead to the initiation of carcinogenesis. 3 In addition, inflammatory reactions in the lung may result from high levels of oxidants and may lead to pulmonary diseases. 4 Components of the diet may modify the effect of smoking on oxidative damage to tissues. This modification depends on the type of nutrients considered, which can cause either an increase 5 ' 6 or a decrease in the risk of some diseases associated with smoking. 7 Several studies have investigated dietary patterns in different smoking groups compared to non-smokers, 8 " 13 usually showing that smokers have diets that are high in (saturated) fat intake and low in fruit and vegetable intake.
It has been proposed that antioxidants have a protective effect by scavenging oxidants in blood plasma and on tissue level, 14 which has been confirmed in some epidemiological studies 13 but not in all. 16 Since cigarette smokers are exposed to considerably more oxidants, it is generally assumed that they would need a higher intake of antioxidants to compensate for this increased exposure. 17 In previous studies that estimated intake of different antioxidants by smoking status either no distinction was made between intensity of current smoking in the number of cigarettes smoked per day or ex-smokers were not considered separately, 8 -10 " 13 ' 18 or no information was given on supplement use. 81019 This observational study of over 5000 Dutch men and women aged 20-59 years examines dietary and supplementary intakes of antioxidants in three different current smoking groups and ex-smokers in contrast to never-smokers, adjusting for factors that may confound the relationship between diet and smoking, such as age, body mass index (BMI) and alcohol intake.
SUBJECTS AND METHODS
The data used in the present study were collected in 1993 in the Monitoring Project on Risk Factors for Chronic Diseases in the Netherlands (MORGEN). The general purpose of the project is to determine the prevalence of risk factors for several chronic diseases: cardiovascular diseases, cancer, diabetes, migraine, and chronic non-specific lung diseases. The project was approved by the Medical Ethical Committee of TNO, the Netherlands.
Randomized samples of men and women aged 20-59 and stratified according to gender and 5-year age categories were taken in three towns: Amsterdam, Maastricht, and Doetinchem. Those selected received full information on the project along with an invitation to participate. Participants received two questionnaires to complete at home, a general and a dietary questionnaire, and were invited to attend a medical examination at the Muncipal Health Service where blood samples were collected, blood pressure was measured, and anthropometric measurements were taken. Height was measured to the nearest 0.5 cm and weight to the nearest 0.1 kg, without shoes or heavy clothes and pockets emptied. The general questionnaire collects data on demographic characteristics and risk factors for chronic diseases (including smoking habits, alcohol consumption, and physical activity). The dietary questionnaire is a semi-quantitative food frequency questionnaire that was developed to assess the intake of total energy and the most important nutrients and food groups, with an emphasis on vegetables and fruits. In the questionnaire, information on the average consumption frequency and portion sizes of 80 main food items over the past year is collected. Vegetables and fruits, as major sources of antioxidants, were classified into subgroups in order to test whether results for the subgroups were different from those for the main groups. Nutrient intake was calculated by use of an extended version of the Dutch Food Composition Table. 20 In 1991-1992 the questionnaire was validated in a pilot study and slightly adjusted after this study (Personal communication: Ocke' M et al. The EPIC food frequency questionnaire in the Netherlands. I Description of the questionnaire and validity for food groups. II Validity and reproducibility for nutrients).
In 1993 a total of 5155 subjects agreed to participate in the study (response rate: 48.3%). Since the presence of certain diseases and conditions may have led to altered dietary patterns and smoking status, 542 subjects who reported having had a heart attack, cerebrovascular accident, coronary-artery bypass grafting, or heart catheterization in the previous 5 years, those who had (a history of) cancer, and who were diabetic were excluded from analysis. In addition, those who were pregnant or who did not have Dutch nationality were also excluded from analysis, along with 146 people who followed a diet on the advice of a doctor or dietician. Since no information on the intensity and frequency of pipe or cigar smoking was collected in the questionnaire only cigarette smoking was considered and noncigarette smoking, pipe or cigar smokers were excluded from analysis (n = 28). Occasional smokers who smoked <1 cigarette/day were also excluded (n = 169). Twenty-six subjects were excluded since they had incomplete data on diet, age, or level of education. The remaining 4244 subjects were divided into five categories according to the number of cigarettes smoked per day (cig/day): never-smokers, ex-smokers (having smoked >1 cig/day), light smokers (1-9 cig/day), moderate smokers (10-19 cig/day), and heavy smokers (S21 cig/day). Ex-smokers, stratified into four groups according to duration since quitting, did not differ significantly in baseline characteristics, nutrient, or food intake and were therefore considered as one group.
Statistical Analysis
Differences in characteristics between the smoking groups were analysed using univariate Pearson's x 2 tests and analysis of variance. Multiple linear regression analysis was used to determine the mean nutrient and food group intakes by smoking status, adjusted for age (years), body mass index (kg/m 2 ), educational level (low, medium, high), town (Amsterdam, Maastricht, Doetinchem), total energy intake (kJ/day), and alcohol intake (no/low, ^1 glass/week; intermediate, between 1 glass/week and 3 glasses/day (women) or 4 glasses/ day (men); high, >3 glasses/day (women) or >4 glasses/day (men)). Since all nutrient and food group distributions were approximately log-normally distributed, the analyses were performed on log-transformed values. In all analyses total P-values were determined and pairwise comparisons were made in relation to never-smokers using two-tailed least significance difference tests, f-values below 0.05 were considered to be statistically significant. Values of the adjusted means and 95% confidence intervals were backtransformed to antilog values (geometric means) for presentation purposes. Since quantitative amounts of supplement intake could not be determined, frequencies of intake were assessed. Subjects who reported to have used a supplement 'now and then', 'only in winter', or 'throughout the year' during the past year, were defined as supplement users. The number of supplement users was too small to consider these frequencies separately, i.e. 44, 14, and 48 men and 64, 22, and 68 women reported use throughout the year of vitamin C, vitamin E, and multivitamin supplements, respectively. Differences in frequencies of supplement use between smoking categories were analysed in a logistic regression model, adjusting for age, BMI, town, level of education, alcohol intake, and total energy intake. All statistical analyses were performed using SAS release 6.07.
RESULTS
The sample of 4244 subjects used in these analyses included 1916 men and 2328 women, and approximately one-third of both groups consisted of current smokers. Table 1 shows some characteristics of men and women by smoking status. Educational level and alcohol intake differed significantly across the smoking groups in men and women, with heavy smokers generally having a higher proportion of subjects with a "Cigarettes/day. b Total P-value of multilinear regression analysis, testing for differences across smoking categories. c Not adjusted for total energy intake. ' Significantly different from never-smokere (P < 0.05) in least significant difference test high alcohol intake and a low educational level. Male heavy and ex-smokers and female moderate and heavy smokers also were significantly less active in sports, as estimated by the method of Baecke et al. 21 (results not shown). Tables 2 and 3 show the geometric mean nutrient intakes per day by smoking status for men and women, adjusted for age, town, level of education, alcohol intake and total energy intake. Generally, in men large differences in nutrient intake compared with neversmokers were mainly observed for heavy smokers, while in women these differences were observed for both moderate and heavy smokers. Male heavy smokers and female moderate and heavy smokers had lower intakes of ascorbic acid than never-smokers. Male heavy and moderate smokers had a significantly lower p-carotene intake than never-smokers, while the intake of this antioxidant was significantly higher in female ex-smokers. No significant differences were found for the intake of vitamin E according to smoking status. Tables 4 and 5 show the geometric mean food group intakes for men and women, adjusted for age, BMI, town, level of education, alcohol intake, and total energy intake. The largest differences in food group intake occurred for both male and female moderate and heavy smokers compared with never-smokers, but differences were most pronounced for male heavy smokers. They had significantly lower intakes of cruciferous vegetables, carotene-rich vegetables, and fruit/vegetable juice and they consumed almost 60% "Cigarettes/day. b Total P-value of multilinear regression analysis, testing for differences across smoking categories. c Not adjusted for total energy intake. * Significantly different from never-smokers (P < 0.05) in least significant difference lest. less fruits (citrus and non-citrus) than never-smokers, while moderate smokers consumed 25% less fruit than never-smokers.
Female moderate and heavy smokers also had a lower intake of total fruits (citrus and non-citrus) and fruit/vegetable juice, though not as markedly as male heavy smokers. The higher intake of total vegetables in female heavy smokers was due to a higher potato (product) intake. Figures 1-3 show the crude frequencies of total and specific supplement use in men and women. Results for vitamin E intake are not shown, since frequencies of intake were low (in women ranging from 1.8% in nonsmokers to 3.4% in heavy smokers, and in men ranging from 1.4% in non-smokers to 5.6% in heavy smokers).
After adjusting for age, BMI, town, educational level, alcohol intake, and total energy intake, a higher percentage of women compared to men used supplements in all smoking categories. In men supplement intakes of vitamin C, vitamin E, and multivitamins were slightly more frequent in heavy smokers than in neversmokers but differences were not significant. Only male moderate smokers differed significantly from never-smokers with a higher percentage taking multivitamins (P = 0.006). In women the differences with never-smokers were much larger: a higher percentage of light and heavy smokers used vitamin C (P = 0.03 and P = 0.04, respectively), ex-, moderate, and heavy smokers more frequently used vitamin E (P = 0.01, P = 0.05, P = 0.005, respectively), and light and heavy mean (95% confidence interval) food group intake (g/day) by smoking status for men, adjusted for age, body smokers more frequently used multivitamin supplements (/> = 0.04 and P = 0.03, respectively).
DISCUSSION
The results of this large, population-based, crosssectional study indicate that heavy and moderate smokers in both men and women have a lower dietary intake of the antioxidants P-carotene and ascorbic acid compared to never-smokers. No differences in the intake of vitamin E were observed. The differences are most pronounced for male heavy smokers, who had a more than two times lower consumption of fruits than never-smokers. The average fruit intake of female heavy smokers was nearly twice as high as in male heavy smokers. Reasons for the lower antioxidant and fruit intake in heavy smoking men than in heavy smoking women could be differences in food preference between men and women or a lower health-consciousness in men than in women. The latter possibility seems to be supported by a higher frequency of supplement intake in heavy smoking women. The observed lower intake of ascorbic acid, pV carotene, and fruit in smokers versus non-smokers corresponds with results from several studies. 8~'3J9 These intakes seem to be inversely related to the number of cigarettes smoked, as was already observed in those studies that considered current smokers in different categories. 9 ' 10 - 19 In addition, our results show that especially heavy smoking men have a very low fruit intake. Other studies have not shown this as clearly, though in comparing results it should be noted that definitions of smoking groups sometimes vary to a great extent, which could account for differences in results.
Our results show that light smokers, i.e. those smoking <10 cigarettes a day, are very similar to neversmokers in antioxidant as well as total dietary intake and this could therefore mask a much lower mean dietary intake in heavier smoking groups in studies where they are considered in one group with heavier smokers. Ex-smokers resembled never-smokers with respect to antioxidant intake in both men and women. Female exsmokers even seemed to have a slightly more advantageous antioxidant intake than never-smokers, since they had a higher intake of P-carotene and, though not significantly, of fruits. However, an overall healthier dietary intake for this group cannot be concluded, since 
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they had a higher fat intake. These results generally correspond with results from other studies in which ex-smokers were considered as a separate group. 9 - 12 ' 19 The frequency of supplement intake, especially of ascorbic acid and multivitamins, in heavy smokers was higher in women than in men. Overall, current smokers seemed to use supplements more frequently than neveror ex-smokers, with the highest frequency reported by female light smokers. It should be noted that no conclusions can be drawn with regard to the absolute intake of supplements, as supplement users were defined as using supplements 'now and then', 'only in winter', or 'throughout the year ' , and approximately 50% of all supplement users reported use of supplements 'now and then'. However, there were no major differences in the distribution of these three groups of supplement users across the smoking categories. In other studies supplement intake has not often been considered. Subar et a/." reported that 'regular use' of supplements was lower in smokers than in non-smokers (15.6% versus 24.3%).
A possible limitation of this study is that its response rate was relatively low (48.3%). In a small study that compared the characteristics of the non-responders and the responders a higher percentage of smokers (48%) was found among the non-responders (personal communication). A selection bias could possibly have occurred towards relatively 'healthy' smokers entering the study compared to the smokers not entering the study. This could partly explain the observation of a higher frequency of supplementation in female smokers, though, if true, it did not seem to affect the results of supplementation use for male smokers. However, if heavy smokers in this study were a selection of 'healthy smokers', then the observed lower intakes of antioxidants and fruit in especially male heavy smokers would have been even lower if all smokers had participated in the study.
Evidence accumulates that vitamin E and possibly ascorbic acid play an important part in the prevention of cardiovascular diseases.
7 -15 - 22 -23 in lung diseases, including lung cancer, the protective effect of vitamin C, vitamin E, as well as B-carotene has also been proposed. 24 " 28 However, these results were obtained from observational studies and conclusions as to possible causal relationships cannot be drawn. A recent randomized controlled trial of supplementation with the antioxidant vitamins B-carotene and vitamin E showed that supplementation for a period of 5-8 years did not result in any positive change in (lung) cancer incidence. In fact, in the group that had received B-carotene supplementation an increase in lung cancer incidence was observed. According to the investigators this observation could have been due to chance, and also the relatively short study period should be taken into account. However, the results of this trial raised the possibility of an adverse effect of high-dose supplementation of a single nutrient. Further studies over longer time periods are needed to give more definite information on the role of antioxidants in pathogenesis 29 and the influence of supplementation.
Several studies have shown that smokers have lower blood levels of antioxidants, especially of ascorbic acid, even after adjustment for differences in dietary intake. 15 -17 This is thought to be due to a higher turnover of antioxidants related to the increased exposure to oxidants of smokers. Due to these lower antioxidant blood levels smokers are likely to need a higher intake of antioxidants than would be necessary for nonsmokers.
In this study male heavy and ex-smokers and female heavy, moderate, and ex-smokers all had significantly higher intakes of polyunsaturated fat. In other studies polyunsaturated fatty acid (PUFA) intake has been found not to be different 11 or to be lower in smokers than in never-smokers. 10 From human intervention studies 30 -31 it seems that subjects with a high intake of PUFA are more susceptible to oxidation of plasma low density lipoprotein. Therefore, it may well be that heavy smokers, who are exposed to increased amounts of oxidants from cigarette smoke, are even more likely to develop cardiovascular diseases if they consume larger amounts of PUFA, and that they may need a higher antioxidant intake to counterbalance these effects. With respect to protection against PUFA oxidation, especially lipid-soluble vitamin E may be important as an antioxidant. 22 ' 31 In summary, our results indicate that, in particular, male heavy smokers and to a lesser extent female moderate and heavy smokers have a lower dietary antioxidant intake with respect to ascorbic acid and B-carotene, but not vitamin E, and that heavy smoking men seem to use supplementation relatively infrequently. This means that for a major part of the population the high risk for several chronic diseases caused by smoking is probably increased even more by a low intake of antioxidants.
